It is generally agreed that positive inotropic agents improve haemodyamic function and, particularly in patients with severe heart failure, they may provide temporary symptomatic improvement. Digitalis is the only positive inotropic agent that has been approved in the Western world for long term use in chronic heart failure. However, positive inotropes delivered intravenously such as dobutamine or the cAMP dependent phosphodiesterase inhibitors enoximone and milrinone have a temporary role in acute heart failure or as a bridge to further, more definite treatment in patients with severe, end stage heart failure. It is generally agreed that oral cAMP dependent agents should not be given long term, as their efficacy in improving symptoms has not been proved, and because they are associated with severe adverse events including increased mortality. 2 Calcium sensitisers may offer another approach in heart failure. These novel positive inotropes do not act by increasing cAMP or intracellular calcium but rather by sensitising the contractile apparatus to intracellular calcium. 3 Further long term controlled studies are needed to prove whether these agents are more efficacious and have a better side effect profile than currently available positive inotropes.
Digitalis
Digitalis indirectly increases intracellular calcium concentrations principally by inhibiting sodium/potassium dependent ATPase. This results in an increase in contractile force in the heart and may lead to vasoconstriction. Digitalis has important secondary effects; it sensitises arterial baroreceptors and cardiac volume receptors, particularly vagal afferents. Consequently, it increases and improves parasympathetic activity and reduces sympathetic outflow. In patients with heart failure this results in a significant reduction of cardiac muscle sympathetic activity.
Importantly, the increased intracellular cellular calcium concentrations in heart muscle have the potential to overload the sarcoplasmic reticulum and this may result in spontaneous release of calcium ions, which are arrhythmogenic. Calcium overload also increases myocardial energy consumption. For these reasons, digitalis glycosides may increase arrhythmias and mortality. 4 A recent, large, placebo controlled trial, the DIG study, 5 investigated the effects of digoxin on mortality in patients with predominantly moderate heart failure. It showed that all cause mortality was not affected by digoxin but was comparable to that in the placebo group ( fig  1) . The results suggest that digoxin had a beneficial effect in preventing progression of heart failure, as deaths from worsening heart failure were reduced significantly. On the other hand, a number of patients died prematurely because of arrhythmias. Whether the latter was related to raised digoxin concentrations has yet to be evaluated.
In conjunction with other controlled trials, the DIG trial shows that digoxin improves symptoms of patients with severe heart failure who are in sinus rhythm. As a result, the European guidelines on treatment of heart failure indicate the usefulness of digoxin in these patients. If patients improve to milder forms of heart failure, digitalis glycosides should be continued. Atrial fibrillation in heart failure patients is a clear indication for the use of digitalis glycosides.
DIURETICS
It is well recognised that diuretics are crucial for the symptomatic treatment of heart failure whenever fluid retention is present. In the more advanced stages of heart failure, alleviating fluid retention reduces preload and wall stress, and may have a beneficial effect on remodelling. On the other hand, diuretic treatment leads to neurohormonal activation, particularly of the renin-angiotensin system. This could precipitate remodelling. As diuretics apparently have a dual effect, it is uncertain what the overall outcome of their use will be, particularly in milder forms of heart failure.
Diuretic induced neurohormonal activation has been shown in a number of studies. In patients receiving diuretics and ACE inhibitors this activation is observed as increases in aldosterone, angiotensin II, and renin (fig 2) , 6 7 and, in some studies, as increases in noradrenaline. In patients receiving diuretics alone, the increase in renin activity is more pronounced than with combination treatment of diuretics plus ACE inhibitors. 8 The effects of diuretics on left ventricular function have been studied in a three way parallel group trial. Patients were randomised to a combination of hydralazine plus isosorbide dinitrate, or diuretic monotherapy, or diuretics plus digoxin. In patients receiving diuretic monotherapy there was a consistent reduction in left ventricular ejection fraction that was not observed in the patients who received vasodilators.
The European guidelines on treatment of heart failure indicate that diuretics are indicated in virtually all forms of heart failure; the exception being milder forms in the absence of fluid retention (table 1). 9 They should not be given as first line treatment, but rather after ACE inhibition has been instituted. The initial choice of diuretic drug lies with the physician and can be either a loop diuretic or a thiazide. However, the latter form of diuretic treatment is dependent on pre-existing renal function and may not be useful when the patient has renal dysfunction. In cases of more severe heart failure, it may be necessary to combine loop diuretics and thiazides to increase diure- sis. In severe cases, continuous intravenous administration, rather than intermittent administration of loop diuretics, is advocated.
SPIRONOLACTONE
Although the introduction of ACE inhibitors has reduced the need for potassium sparing diuretics, unless there is persisting hypokalaemia despite ACE inhibition, there may still be a place for spironolactone-an aldosterone receptor antagonist. In addition to potassium sparing and diuretic effects, spironolactone may have other properties that are important in the prevention of worsening of heart failure (table 2). It may inhibit cardiac fibrosis, which by itself could have protective effects on mortality, but the benefit may be amplified by additional properties such as an increase in cardiac potassium and magnesium concentrations, which may lead to fewer ventricular arrhythmias. A protective effect of spironolactone on mortality is currently being investigated in the RALES study, a large trial in moderate and severe heart failure. 10 
VASODILATORS
Exercise function measured as PVO 2 is used in clinical trials as a clinical exponent of wellbeing. In the V-HeFT studies, patients treated with a combination of hydralazine and isosorbide dinitrate together with diuretics had a lower mortality than patients treated with diuretics alone. In V-HeFT II, however, the vasodilators had less effect on mortality than did enalapril. 11 Thus, the combination of hydralazine and isosorbide dinitrate improves mortality compared with diuretics, but not compared with ACE inhibitors. Previous studies have indicated that vasodilators activate neurohormones. The V-HeFT II trial also showed an immediate increase in plasma noradrenaline concentrations with the institution of vasodilator treatment, which persisted over time (fig 3) . With enalapril, no immediate increase in noradrenaline was seen until at least after 12 months of treatment. Thereafter noradrenaline concentrations also increased in patients treated with enalapril. This difference in neurohormonal activation during the first year may explain the difference in mortality. In line with the results of the V-HeFT trials, the European guidelines on treatment of heart failure indicate that the combination of hydralazine and dinitrates should be used in patients who cannot tolerate ACE inhibitors or, in more severe cases, together with ACE inhibitors (table 1) . S26 Remme In the past decade, ACE inhibitors have become the cornerstone of treatment for heart failure. The guidelines on treatment of heart failure of the European Society of Cardiology show that ACE inhibitors are indicated in all phases of symptomatic heart failure and should be considered in patients with asymptomatic left ventricular dysfunction (ejection fraction ^45%) (table 1), particularly in patients with enlarged hearts. In patients with asymptomatic ischaemic left ventricular dysfunction ACE inhibitors protect against the development of heart failure, and in those with clinical heart failure there is an improvement in 50-80% of cases. ACE inhibitors reduce mortality to 16% in the first year in patients with moderate heart failure, and to 31% in those with severe heart failure. In postmyocardial infarction patients, ACE inhibitors reduce long term mortality to 19-27%, depending on the presence of signs of heart failure during the acute and subacute phase of myocardial infarction.
Figure 3 Change in serum noradrenaline concentrations following institution of hydralazine and isosorbide dinitrate (solid line) or enalapril (dashed line) in patients with
The long term beneficial effects of ACE inhibitors are likely to be related to their positive effect on remodelling. They reduce left ventricular dilatation, and animal models have shown that they may reduce inappropriate left ventricular hypertrophy. Left ventricular end diastolic volume increases over time in patients given placebos, whereas this effect is diminished by ACE inhibitors. Importantly, ACE inhibitors have a positive effect on ischaemic outcomes as defined by the development of unstable angina and myocardial reinfarction (fig 4) . 12 13 Thus, 12 month morbidity resulting from ischaemic events is significantly reduced by ACE inhibitors. This has an important impact on mortality as it has been estimated that if a patient has an intercurrent myocardial infarction, the mortality risk increases fourfold with an accompanying increase in hospital admissions.
ACE inhibitor treatment in heart failure: Utopia? ACE inhibition definitely has improved the potential to treat heart failure. However, is it enough? The answer clearly is "no'' as there is still significant mortality. In the CONSEN-SUS trial in severe heart failure, the mortality after one year of patients taking ACE inhibitors was 36%, 12 14 and in the SOLVD treatment study of moderate heart failure the four year mortality rate of patients taking enalapril was 35%. 13 15 In the AIRE study, a placebo controlled trial of ramipril in patients who, during the acute phase of myocardial infarction, had signs of heart failure, there was a significant reduction in overall mortality with ramipril at 15 months after the infarct 14 16 ; however, mortality remained at 17% in the treated group. In addition, although several trials have shown that ACE inhibitor treatment significantly reduces hospitalisation for cardiovascular reasons, in the SOLVD treatment study 57% of patients taking enalapril were hospitalised within a 41 month treatment period, and in the SOLVD prevention trial this figure was 41%.
The side effects of ACE inhibitors are reportedly of less concern than for other forms of heart failure treatment but they may be severe enough to cause withdrawal from treatment. In severe heart failure, serum creatinine increases by 10-15%, irrespective of baseline concentration.
14 Trials have indicated that small reductions in blood pressure may occur; however, the clinical improvement with ACE inhibition is as good in patients with low baseline blood pressure or further reductions in blood pressure as in those who have a normal blood pressure at baseline or in whom blood pressure does not change.
Cough is a typical side effect of ACE inhibitor treatment, although excess cough may occur in only 2% of treated patients compared with placebo. This side effect is often worrisome enough to reduce the dosage of the drug to levels not proved to affect morbidity or mortality, or to cause withdrawal of the ACE inhibitor altogether.
What are the reasons for this inadequate response to ACE inhibition in heart failure? If angiotensin II, the effector peptide of the renin-angiotensin system, is to be sufficiently inhibited then either high dosages of short acting ACE inhibitors or relatively long acting ACE inhibitors are needed. Increments in ACE inhibitor dose augment the reduction in circulating angiotensin II. 17 In clinical practice the dosages used are generally much lower than the target dosages that show benefit in large trials. Consequently, complete suppres- sion of angiotensin II production may fail over time. Moreover, increased plasma renin activity and subsequent angiotensin I accumulation occurs after ACE inhibition and this competes with the drug in binding with angiotensin converting enzyme causing an increase in angiotensin II formation. Alternatively, angiotensin I may stimulate angiotensin II production through other routes, possibly involving cardiac chymases bypassing the angiotensin converting enzyme. 18 These factors may explain the insufficient suppression of circulating angiotensin II during long term ACE inhibitor treatment in left ventricular dysfunction and heart failure. 19 Together, these theoretical and observational arguments support using high dosages of ACE inhibitors in left ventricular dysfunction and heart failure. Large trials, such as the ATLAS study, which are designed to compare the effect of high and low dose ACE inhibition on clinical symptoms and survival in heart failure, provide further insight into the question whether high dose ACE inhibition is indeed necessary in the treatment of heart failure.
Prevention of worsening heart failure: future perspectives Most available heart failure treatment focuses on symptomatic treatment. Some forms of medication have a broader potential and may be useful in the prevention of progression and reduction of mortality. In this context, ACE inhibition has been the most important development of the past decade but it is unlikely to be sufficient as many mechanisms underlie worsening of heart failure, including neurohormonal activation, cardiac remodelling, cytokine activation, alterations in nitric oxide synthase expression, apoptosis, and myocardial ischaemia. 20 The complexity of these mechanisms indicates that different forms of treatment modulating one or more of these mechanisms would also be useful in retarding or preventing the chain of events leading to progression. Examples of potentially useful drugs in this regard include angiotensin II receptor antagonists, spironolactone, and endothelin receptor antagonists, 21 but there are insufficient data to confirm this. This is in contrast to extensive clinical experience with β 1 receptor antagonists, particularly with carvedilol, which has demonstrated value in heart failure.
Conclusions
The final goals of managing heart failure have not been attained. Mortality rates for patients with heart failure have been estimated at 36% at one year in severe heart failure 14 and 35% at four years in moderate heart failure 15 despite ACE inhibitor treatment.
Drugs used to treat heart failure are associated with side effects including renal dysfunction, electrolyte imbalance, and cough. In 15% of cases such side effects result in discontinuation of treatment. Moreover, ACE inhibitors fail to reduce mortality in asymptomatic patients with left ventricular dysfunction. One of the reasons for this lack of efficacy is the use of relatively low dosages that have not been proved to be effective. Low doses of ACE inhibitors are associated with a short duration of effect and this compromises efficacy. ACE inhibitors increase renin and angiotensin II activity, which may compete with angiotensin converting enzyme. There is also activation of alternative pathways of angiotensin production that results in a breakthrough of the effect of the ACE inhibitor. These factors complicate management.
It is unlikely that these problems will be solved in the short term because there is a complexity of mechanisms that exacerbate left ventricular function. For this reason a number of new categories of treatment are being developed.
